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SUMMARY AND CONCLUSIONS 
The roofing nail is an important and often a limiting factor in 
successfully using metal building sheets. This study has been 
d~rected toward an analysis of the problems involved and the 
comparative performance of typical special nails offered com-
merciallY' for fastening building sheets. 
All nails used for fastening ~teel sheets exposed to the weather 
should have a protective coating such as galvanizing, and a head 
which will exclude moisture from the hole made by the nail. 
The tendency of nails to "creep'" or move outward without 
. any apparent cause, thus necessitating renailing, has been ~ 
troublesome problem. No definite conclusions have been 
reached regaroing the causes of this phenomenon, but some 
suggestions are offered for its remedy. Forces exerted by the 
wina and by the expansion and contraction of the metal due 
to changes in temperature may have some influence in loosening 
the nail. Creeping of nails from asphalt roofing and from boxes, 
however, shows that internal forces are probably of major im-
portance .. These may be the minute changes in dimension and 
character of the wooo as it absorbs or gives up moisture. Screw 
shank nails probably creep less than plain shank nails, and it 
appears that ring shank nails will not creep. Many failures 
have been the result of using poor ·nailing girts or of careless-
ness on the part of the workman in failing to hit the girt. 
Tests were made of the withdrawal resistance of 12 nails com-
prising plain, screw and ring shank types. In addition to tests of 
nails withdrawn immediately after driving, time tests were made 
in which wide changes in the moisture content of the nailing 
girt were permitted. 
Tests verified reports by the U. S. Forest Products Labora-
tory which show tliat the withdrawal resistance of plain shank 
nails with given surface characteristics varies directly with the 
diameter of the nail. Slightly roughened surfaces improve 
Jlerformance, but gross roughness may prove a detriment. Plain 
shank nails lose markedly in effectiveness if driven into wet 
lumber and withdrawn after it has dried. In the fourth series 
of tests, the withdrawal resistance of nail No. 11 dropped from 
265. pounds when driven into Douglas fir with a moisture con-
tent of 27.3 percent to 71 pounds when withdrawn after the 
moisture content had reached 5.8 percent, a withdrawal resist-
ance loss of 73 percent. Nail No. 16, provided with barbs or 
irregularities on the surface, performeo essentially the same 
(273 pounds) when withdrawn at once but failed at 138 pounds 
in the dry wood, a loss in withdrawal resistance of only 49 
percent. 
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Screw shank nails driven into wet wood improve in perform-
ance if the wood is subsequently dried. 
In order to attain maximum effectiveness, screw shank nails 
must turn freely' when driven and refrain from turning when 
extracted. Primar), factors affecting turning as driven are lead, 
shape of point and location of threaded portion in relation to 
the point. The friction between the nail head and the sheet metal 
may be sufficient to restrain the nail from turning as it is 
withdrawn, particularly if it has a lead of 1.2" or less. 
Nails with a lead as small as 0.96" showed little slippage in 
driving if the thread extended to the point. Some types of lead 
heads loosen or drop off in driving. Lead washers placed under 
the heads or heads formed as on nails No. 11 and 16 are to be 
preferred. 
The performance of nail No. 23A was improved from 65 per-
cent to 110 percent by serrating the upper edge of the thread. 
The' screw shank nail is relatively unaffected by driving 
through sheet metal. 
Screw shank nails with large leads performed essentially like 
plain shank nails of equivalent perimeter when withdrawn at 
once, but improved in performance as the wood dried. 
Screw shank nails with small lead and well formed threads. 
when driven into wet wood and withdrawn after the wood had 
dried, attained an effectiveness of more than seven times that 
of a plain shank nail with equal perimeter. 
The authors believe that a serrated screw shank nail will not 
creep, because the serrations engage the ends of the wood fibers 
displaced when the nail is driven. 
The ring shank nail was relative1v unaffected by changes in 
the moisture content of the wood. - ~l 
When the ring shank nail is driven through metal in fastening 
metal building sheets. the rings are damaged and performance 
of the nail is impaired by approximately 25 percent. About three-
fourths of this loss can be recovered by using a l1ail with a thick-
er ring at the point which has a diameter approximating that of 
the other rings.. . 
All nails are probably satisfactory when first driven. The 
chief advantage of the processed nails lies in their ability to 
retain or improve their withdrawal resistance under changes 
in the moisture content of the wood. 
I \ 12 1 1 \5 \6 
2J 2 "3 . 
Fig. 1. Nail. tested. 
The Effectiveness of Roofing Nails 
for Application of Metal Building Sheets1 
By HENRY GIESE AND s. MILTON HENDERSON 
The widespread use for many years of metal building shee~s 
as a .covering for roofs and walls of farm buildings indicates 
that metal slieets generally perform satisfactorily. A study by 
this Station on the better use of steel on the farm, however, has 
indicated that the service life of these sheets might be extended 
and the maintenance costs reduced by improving their fasten-
ing to the buildings. 
Field inspection of sheet installations on farm buildings and 
contacts with farmers and building material dealers have brought 
out these facts. One need not travel far in a farm community 
to find evidence of differences in performance of roofing nails-
some holding satisfactorily after years of service, others 
loose or often protruding more than a quarter of an inch above 
the roof surface. These experiences have tended to impair the 
reputation of metal building sheets and of the nail as a satis-
factory fastener for them. 
Paralleling sheet manufacturers' improvements in design and 
quality of their products have been recent chang~s in design and 
quality of roofing nails. 
The purposes of this investigation were: to ascertain the 
reasons for differences in performance of roofing nails; to de-
termine the relative effectiveness of conventional and recently 
developed fasteners; and to attempt to develop new fasteners. 
Improvements in nails may be concerned with the size and 
kind of head, the type or form of shank and point, the kind and 
properties of metals· used or the surface condition as it affects 
the frictional contact with the wood. 
The problems in the use of nails may vary widely with the 
application. In some cases the load is applied perpendicular to 
the nail, tending to shear one member from the other. In other 
instances the load tends to withdraw the nail from its base or 
results in a combination of the two applications of force. A nail 
suitable for one purpose may not be so well adapted to another. 
The result has been the design and manufacture of nails of many 
variations in size, shape and surface. 
Although some very careful work has been done on certain 
types of naB", much of this is not definitely applicable to this 
study, which deals primarily with resistance to withdrawal. 
1 
Project 562 of the Iowa Agricultural Experiment Station In cooperation with the 
Republic Steel Corporation. 
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REVIEW OF LITERATURE 
One of the first recorded experimenis was conducted by Burr 
( 3) in 1893, who reported: "Weare unquestionably led to 
conclude that under the circumstances the cut nail is superior to 
the wire nail as far as direct tensile holding power is concerned 
by 72.74 percent." Clay (4) and Evinger (8) in separate ex-
periments also show that cut nails are superior to wire nails in 
all positions. After testing over 4,000 naIls in 1933, Langlands 
(11) concluded that the best nail was a twisted one made from 
square stock. Next in order was the rusted nail and then the 
twisted nail made from grooved wire. 
Markwardt and Gahagan (16, 17) analyze the mechanism of 
nail holding as follows; 
"It is obvious that the resistance to withdrawal results from pressure 
and consequent friction between the wood and nail. This pressure, of 
course, develops because of the reaction of the wood fibers to displace-
ment- in -making room for the nail. It may be noted further that the 
magnitude of the pressure varies at different portions of the area of 
contact because of differences in properties of wood along and across 
the grain. Hence, two diverse conditions may be considered, namely (a) 
the end grain pressure of the wood fibers, and (b) the side grain pres-
sure 6f the wood fibers. 
"Everyone who works with wood has recognized its greater strength 
along the grain as compared with that across the grain, the difference 
in some. properties being over 20 to 1. It is also true that the wood 
fibers having an end grain contact with the nail contribute more to 
the holding power than those with side grain contact. 
"It has been shown by tests of Western yellow pine that resistance 
to withdrawal of a seven-penny nail driven into green material is re-
duced from 100 pounds to 23 pounds by 40 days seasoning of the wood. 
In driving the nails, some of the wood fibers are usually broken and 
bent down along the end grain direction. The across-the-grain shrink-
age of these bent fibers, which accompanies the seasoning of the wood, 
tends to reduce the end-grain contact with the nail; and, since there 
is no longitudinal shrinkage of the specimen as a whole to restore the 
original end pressure, the otherwise high resistance from this direction 
is largely reduced. Shrinkage would also occur in the fibers making 
side-grain contact, but the shrinkage of the board as a whole across 
the grain would tend to restore ultimately the side grain pressure." 
A discussion on timber fastenings in the Wood Handbo~k (24) 
states; 
"The force required to start the Withdrawal of a nail in the direction 
of its length is intimately related to the density or specific gravity of 
the piece and the depth of penetration. Furthermore the holding power 
for a given depth of penetration generally varies directly with the 
diameter of the nail when the nail is not of a size to cause evident 
splitting. 
"Tests made :;tt the Forest Products Laboratory indicate that the load 
required to withdraw common wire nails soon after driving into the 
side grain of seasoned wood is P=6900 G2.5D in which P represents 
the ultimate load per lineal inch of penetration; G the specific gravity 
based on oven-dry weight and volume when oven dry; and D, the diam-
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eter of the nail in inches. If a factor of safety of 6 is applied to 
this equation, the safe load (PI) becomes PI;::: 1150 G2.5D. The re-
lationships expressed in these equations are general, and certain species 
are known to give somewhat higher values whereas others fall below 
the equation values. The general expressions shOUld therefore be used 
with reservation. Usually common knowledge of the characteristics 
of a species with particular reference to its splitting tendencies will aid 
in deciding whether it will fall above or below the general run of species. 
"If nails are driven into green wood and pulled before any drying 
takes place, the withdrawal resistance for practically all species of 
wood will run somewhat higher than for nails driven in seasoned wood 
and pulled soon after driving. However, if nails are driven into green 
wood and seasoning takes place before they are pulled, most types of 
nails lose a large part of their holding power, the loss being greater 
for some species of wood than for others .... Aside from the fact that 
the nail-holding values become erratiC under conditions of use, it is 
difficult to predict how an individual species will behave. 
"In general, nails have a maximum resistance to withdrawal when 
driven perpendicular to the grain of the wood. As tl1e angle becomes 
less, the resistance in the softer woods decreases until when driven 
parallel to the grain, -that is, into the end of a piece, the holding power 
drops to 75 or even 50 percent of that obtained when the nail is driven 
perpendicular to the grain. In the very dense hardwoods the resistance 
to withdrawal is affected little by the angle at which the nail is driven. 
"Nails driven into bored holes slightly less in diameter than that of 
the nail have a somewhat higher holding power than nails without 
lead holes. This procedure also prevents or reduces splitting. 
Pertinent factors that affect the withdrawal resistance of nails in 
addition to moisture changes already described are the kind of surface 
of the nail, form of point, form of shank, direction of driving and the 
use of bored holes." 
Numerous treatments of the nail shank have been made 
either to preserve the nail against corrosion or to increase its 
holding power. The Wood Handbook (24) states: 
"A zinc coating is given nails primarily to reduce or prevent their 
corrosion. If the coating is evenly applied it may increase the resist-
ance to withdrawal but extreme irregularities of the coating may 
actually reduce the holding power." 
Roughened surfaces may increase the holding power of nails, 
but if they damage wood structure and result in a loss of inti-
mate contact witli the wood fibers, the effectiveness of the nail 
is reduced. 
Markwardt "and Gahagan (15) carry the discussion further 
to include other types of surfaces: . . 
"In order to modify the surface of any of the various forms of plain 
nail shank, either in the process of manufacture or subsequent to it, 
two fundamentally different methods are used. One consists of a 
surface coating and the other an actual roughening of the nail surface. 
The roughening may result from gross irregularities such as barbs or 
from minute pitting or etching. _ 
"Of the various coatings applied to plain nails to enhance their 
holding power, so-called cement compounds are the most popular .. 
newly driven cement-coated nails develop greater resistance to direct 
withdrawal than uncoated nails. This fact has been appreciated by 
the shipping industry where cement--coated nails have become the 
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dominant type used. However, if there is a -time -interval--Qf--several 
months or more between driving and pulling, or if appreciable moisture 
changes occur in the wood, cement-coated nails may lose much, but 
rarely all of their advantage. 
"Variations in the ingredients of the cement coatings used, or in 
the technic of applying them, may cause great differences in the 
efficiency of different lots of nails. Tests of samples from five different 
lots of cement-coated nails showed improvement over the plain nail 
varying from 25 to 125 percent." 
Gahagan and Beglinger (10) report highly satisfactory results 
from a chemically treated nail. 
"Everyone who has used wood may have observed wide differences in 
the ease with which nails can be pulled from it. Some of the causes 
of difference in nail holding are splitting or mutilation of the wood in 
driving as affected by the nail point, moisture changes in the wood 
and the degree of frictional resistance between the nail surface and the 
wood. . 
"The holding power of nails centers largely around the· frictional 
contact of the nail with the wood fibers, hence the improvement of the 
surface by increasing the frictional resistance offers an excellent op-
portunity for enhancing nail holding power. Such a surface condition -
may be obtained by a treatment developed at the Forest Products 
Laboratory for nails and other metal fastenings for wood., 
"The improved surface is obtained by a chemical treatment that 
produces microscopic pitting or etching of the nail surface, thereby 
increasing its frictional resistance. To the unaided eye the pitted 
surface of the F.P.L. nail appears practically the same as the original 
in that there is no apparent roughening. What has actually happened; 
however, is a breaking up, by means of pits, or minute etchings, of the 
smooth surface areas between the striations left by the dies in the 
process of drawing wire in nail manufacture. A number of tests 
made on wire nails and staples having this newly developed type of 
surface gave decidedly higher values for resistance to withdrawal (191 
percent to 307 percent over plain nails varying with species of wood 
used) than were obtained with similar fastening having plain, cement-
coated, or grossly roughened surfaces .... 
"Where specimens were nailed and allowed to season for several 
months before testing, the treated nail again gave higher values than 
either plain or cement-coated nails." 
. 
The effect of mechanical alterations of the nail surface is 
discussed in the Wood Handbook (24) as follows: 
"In some designs the shanks are varied in form to give increased 
area without an increase in weight. There are barbed, longitudinally 
grooved, spirally grooved, square and triangular forms, all of which 
except the barbed nail give higher resistance to withdrawal under all 
moisture conditions than does a plain nail. The barbed nail also 
gives higher resistance to withdrawal than a plain nail when moisture 
changes occur in the wood before the nail is withdrawn. This is es-
pecially true of nails driven into green wood that is then allowed to 
season; under such conditions a plain nail normally loses most of its 
holding power whereas a barbed nail retains a large percentage of its 
original resistance to withdrawal. When a barbed nail is driven into 
green or dry wood and pulled immediately, its resistance to withdrawal 
is less than that of a plain nail." 
Markwardt and Gahagan (14) also studied the withdrawal 
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resistance of nails of nine different types varying in shank and 
pOint. Shanks tested were round, grooved and cut. The points 
included were common, cruciform, blunt, blunt tapered and 
spherical tapered. Some of their reported results are: . 
"Considering that blunt-pointed nails are effective in reducing the 
tendency to split the wood in nailing, and that within rather wide 
limits the holding power of nails is proportional to the nail in contact 
with the member receiving the point, the following suggestions are 
made regarding nailing practices as affected by the type of nail point. 
(1) In light woods, or in the denser species which do not split in 
nailing, the highest holding power is obtained with sharp pointed nails. 
(2) In woods which split seriously with the common pointed nails, 
two alternatives are open (aside from driving into bored holes, which 
gives the best results) as follows: Use nails of a smaller diameter, if 
feasible Increasing the number to give equivalent holding power. Use 
blunt-pointed nails of the same length and diameter as would be used 
with the common-pointed nail. If but a few nails are needed, they may 
be obtained by simply blunting the point of common nails with a ham-
mer. As between types, the blunt-tapered point is much preferable to 
the perfectly blunt point from the standpoint of holding power." 
The method of driving ha~ also come up for consideration. 
Tests of slant driving (13) are reported as follows: 
"One of the means of improvement Which has been advocated is the 
driving of nails on the slant rather than perpendicular to a surface .... 
"It is assumed that when a nail is driven there is a rather complete 
ana firm contact between its surface and the surrounding wood fibers. 
which gives to straight-driven nails their great holding power. . If 
this firm contact is broken because of shrinkage of the wood or as a 
res .lIt of .variations in moisture content with time, a straight-driven 
nail may lose part or all of its holding power. It is evident that When 
a slant-driven nail is pulled in a direction at right angles to the surface 
of a board (1) the intimate pressure of contact with the wood fibers is . 
reduced on one side while the fibers are mashed or split out on the 
opposite side; (2) a progressive bending of the nail occurs as it is 
withdrawn, provided the nail is prevented from working out: (3) or 
there is a combination of reduction of intimate contact and nail bending. 
One might, therefore,· expect that the reduction in holding of a slant-
driven nail because of the crushing of the fibers and decrease in sur-
face contact, would tend to offset any increase resulting from the work 
done in progressively bending the nail and that a considerable variation 
in these factors would occur. Taking an extreme case, a nail inserted 
in a vertically bored hole of the same diameter would offer little or no 
resistance to direct withdrawal, whereas a nail in a slant hole would 
show at least some resistance to withdrawal in a direct:on perpendicular 
to the surface. One would expect, therefore, the least: difference in hold-
ing between slant and straight-driven nails just after they are driven 
or When contact is most complete; the greatest difference, and in favor 
of the slant nail, from driving into end surface or under conditions 
where the wood dries or changes in moisture content after the nails 
are driven, approaching in this case the example referred to where the 
nail is placed in a bored hole with little friction .... 
"Considering end-grain holding, it may seem that slant nailing 
gave decidedly higher results than straight nailing. For side grain, 
however, neither type of nailing gave consistently higher results than 
the other, the advantage varying among species and with the moisture 
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condition of the lumber. When driven into green specimens and 
pulled after drying had occurred, the slant-driven nails apparently lost 
but little or none of their holding for both side and end grain conditions, 
whereas straight-driven nails lost by far the greater part of their holding 
power .... 
"It should be noted here that these comparisons are made on the 
basis of equal penetration. When straight driving is used in practice, 
however, less of the nail length is used in penetrating the member 
receiving the head, and consequently, more of the length is in the 
member receiving the point to contribute to holding power than is the 
case with slant driving. Assuming a nail passes through a 25/32-inch 
member at a 45 degree slant, about 5/16 inch of the effective length 
1s lost. If this factor is taken into account, the advantage of slant-
driven nails would be much less than is shown" by the figures given, 
which are based upon e~ual depth of penetration .... 
"Taken broadly, the studies show both advantages and limitations 
"of slant driving. From the standpoint of holding, slant driving is not 
inferior to vertical nailing and in many cases, it is noticeably better." 
No tests relating primarily to conditions experienced on a roof 
or dealing with special types of roofing nails have been discov-
ered. It is probable that a plain shank nail would have adequate 
holding power for sheet metal roofing if there was no reduction 
after tIle roofing was placed. The roofing nail and the base into 
which it is driven undergo wide changes in temperature, mois-
ture and physical disturbance by the wind. 
The combined result of these is that the nail loosens. Often 
this permits leakage of rain water, dam\lge to the roofing mater-
ial or even destruction of the roof. Assigning a cause to this 
phenomenon or determining a solution has been somewhat diffi-
cult. It may be deducted from a reasoning process or observed 
from a field study that an appreciable proportion of nail failures 
result from defective materials, workmanship or both. The writ-
ers have observed workmen not particularly disturbed when a 
nail driven through the sheet metal failed to strike the nailing 
girt below or split the edge of the girt. The fastening: may be 
unsatisfactory if nails are driven into defective material contain-
ing knots, knot holes or splits. 
We are primarilv concerned here. however, with unsatisfactory 
performance resulting from conditions beyond the control of 
"the workman. 
The surface coating of a nail may be more or less dictated by 
the requirements of service. Deniston (5) states that a protec-
tive coating is necessary when a nail is used as a fastening fOT 
sheet steel roofing. 
"If a good grade of roofing Is aoplied with a brilZht or polished steel 
nail, the roofing Is not going to last very lon~. for within a comparatively 
short time this bright nail will rust away on the shank-underneath the 
head-and the holding power of the nail which keeps the roof in place 
has been lost. The result is that the roof wlll begin to leak-moisture 
and frost will start to attack the roofing material at the nail hole and 
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cause it to disintegrate,'and a new roof will soon be necessary. 
"When sheet steel roofing is received by the consumer, it is 100 percent 
waterproof. In order to lay this roofing, it becomes necessary to make 
it full of nail holes. Aproximately 100 nails are used per square of roof-
ing (100 square feet). Driving a nail through sheet steel roofing makes 
a depression in the sheet around the nail hole; it makes a rather ragged 
hole very much like sticking the point of a pencil through a piece of 
paper; it chips or breaks the galvanizing off around the nail hole, leav-
ing a varied area of bright steel exposed." 
c o 
FIg, 2, CondItion of roofing nails In servIce. 
A-Uncoated and galvanIzed nails exposed 3 years, 
Left two. uncoated ; rIght two galvanIzed; center 
nail new, 
B-Uncoated nail and hole from whIch It was 
easilY lifted by hand. 
C-Uncoated nails exposed 1 year (center nail 
new). 
D-Uncoated nails 5 years old (left nail new!. 
A confirmation of 
Deniston's remarks re-
garding the effective-
ness of galvanizing is 
shown in A, fig. 2. The 
zinc coating on gal-
vanized nails protects 
the hails for years of 
service. The two gal-
vanized nails on the 
right showed no indi-
cation of rust after 8 
years. After 8 years on 
the same farm the two 
nails on the'left which 
were not galvanized 
rusted so much and 
the holdin.e; power 
was so reduced that 
some could be extract-
ed by hand (B, fig. 2). 
A new bright shank barbed lead head nail in the center (A, fig. 
2) indicates the original condition. 
The two outside nails ( C) were driven throllgh a sheet metal 
roof but missed the nailing girt. After 1 year's exposure to wea-
ther they rusted so much that one would scarcely recognize 
them as being the same type as the new nail in the center. 
Three nails (D) were in use for 5 years. The center two nails 
wer~ driven into a 2" x 6" nailing girt on the side wall and the 
one. on the right was driven through a I" nailing girt on the roof 
and clinched. All the roof nails were clinched. After 5 years 
of weathering no nails were loose and all sheets were in place. 
Field observations indicate that I" boards have not been 
satisfactory for nailing girts unless the nails are clinched. One 
of the most common problems is the movement of the nails up-
ward even in presumably sound and solid material. This has 
commonly been called creeping. Numerous reasons have been 
assigned for this rather troublesome phenomenon. It is probable 
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FIg. 3. Nalls creepIng from sheet steel roof. 
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that several causes may share the responsibility for failure, and 
the relative importance of each may vary with the climatic con· 
ditions encountered. 
Creeping does not occur in all nails nor in all roofs. The 
forces acting are hence relatively small in magnitude, duration or 
extent of application. Time is also doubtless an important factol 
in changing conditions in the wood into which the nail is driven. 
Dickson (6) expressed his ideas in the following words: 
"An additional thought is that the stresses in metal roofing caused by 
temperature changes cause varying per::entages of roofing nails to rise 
far enough to remove the head entirely from contact with the material 
it is intended to hold. This effect, of course, is called ·creeping.' 
" .... When a farmer's attention was called to the fact that a number 
of nails were standing up high above the roof he said, 'Oh yes, we're 
supposed to go over the roof once a year and drive the nails down.' 
"Some of the screw nails that are in use for roofing "are as much at 
fault in regard to creeping as other types of roofing nails. 
"It is the writer's opinion that roofing nails seldom are subject to 
forces anywhere near to their ultimate holding strength, but that these, 
little forces reversing once a day cause a process of selection of nails 
which have been driven into some weakness in wood. Such forces may 
be only a small fraction of the force required to withdraw the same type 
of nail in sound wood, and yet without positive knowledge it may be 
assumed by many that the ultimate holding strength has been exceeded." 
The change in dimension of the nailing girt may be an im-
portant factor in the creeping of nails. In the Wood Handbook 
(24) we find the following: 
"Any piece of wood will give off or take on moisture from the sur-
rounding atmosphere until the moisture of the wood has come to a 
balance with that in the atmosphere. 
"Changes in the relative humidity of the atmosphere range from the 
usual daily fluctuations to marked seasonal variations. Thus wood, when 
exposed to ordinary atmospheric conditions, is virtually always under-
going at least slight changes in moisture content because of its tendency 
to come to a balance with the surrounding air. " 
"Wood, like many other materials, shrinks as it loses moisture and 
swells as it absorbs moisture." 
The sun has even been accused of drawing nails. 
Figure 3 shows nails creeping out when used as fasteners on 
sheet steel roofs. 
There has been a rather common belief that nails may be 
loosened by the movement of the steel sheet as it expands and 
contracts due to changes in temperature. While this may be 
a factor in some cases, it does not explain why nails creep out of 
prepared roll roofing as shown in fig. 4. One can readily see 
that the force caused by the expansion and contraction of roll 
roofing made with a felt base cannot be sufficient to extract a 
nail. 
Still furth@r confusion in solving the problem may occur from 
observing the creeping nails in the box (fig. 5). This box made 
of 1" redwood was stored for approximately 9 years overhead 
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Fig. 4. Nalls creeping from asphalt root. 
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in a garage. Being out of the weather, it was not subjected to 
negative pressures or vibratory forces caused by the wind. No 
frost could have accumulated under the nail head or at the 
point. Yet approximately one-third of the nails showed evidence 
of creeping. The movement of one was % inch. The box was 
subjected to changes in air temperature and relative humidity 
typical in c e n t r a I 
Iowa. Changes in 
temperature and mois-
ture content of the 
wood are probably 
primarily responsible 
for creeping. 
The inherent short-
comings of the plain 
. shank nail have been 
responsible for the de-
velopment of several 
Fig. 5. Nalls creeping from box. t y pes of deformed 
nail shanks. These have consisted primarily of (a) various 
methods of shank roughening, (b) screw shanks, (c) ring shanks 
and (d) combination ring and screw shank. The primary pur-
pose of this study is to compare their relative merits. From fig. 
6 (nail shown is No. 23) it· is apparent that a screw shank alone 
is not the answer to the creeping problem. This nail rotated 
approximately 35° in creeping 0.1". . 
DESCRIPTION OF NAILS STUDIED 
Twelve commercial roofing nails representing the four distinct 
roofing nail types which were studied are shown in fig. 1 and 
described in table 1. 
For convenience in interpreting results, the first digit in the 
nail number indicates 
the type of shank (1 
plain shank, 2 screw 
shank, 3 ring shank, 4 
. combination s c r e w 
and ring shank). Gal-
vanized n a i I s only 
were tested since un-
protected nails cannot 
be expected to give 
satisfactory s e r vic e 
over a period of years. Fls.6. screw shank nail creeping. 
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TABLE 1. 'NAILS TESTED. 
(All Dimensions in Inches) 
.-
Pene- Diameter P C. S. Screw shank 
- -----~ 
No. Length tratlon Shank Wire Max. Min. Area Pitch Thds. Lead 
---------------
~~
11 1.78 1.32 Plain .136 .427 .0146 
12 1.82 1.34 Plain .137 .430 .0151 
13 1.94 1.34 Plain .135 .423 .0143 
14 1.89 1.39 Plain .145 .455 .0166 
15 1.85 1.35 Plain .149 .468 .0175 
16 1.89 1.37 Barb .140 .440 .0154 
21 1.91 lAl- Screw ~ ----:159 -:IT6-- -.494 -----:0146- ---:300 -5- 1.50 
22 1.86 1.38 Screw .152 .158 .125 .456 .0150 .300 4 1.20 
23A 1.80 1.35 Screw .134 .148 .no .450 .0134 .240 4 0.96 
23C 1.82 1.37 Screw .135 .163 .102 _475 .0128 .333 4 1.33 
23E 1.82 1.37 Screw .135 .166 .102 .475 .0128 .240 4 0.96 
31 f---T,-87 ----u4 Ring '"":i27 ~ --:roo .400e --:oI54 
32 1.89 1.37 Ring r'-~ ~~~- .115 .441c .0177 41 ~ 1.39 Comb: .137 .172 ----:I2O ------:513 .0171 .300 5 1.50 
Pitch - 1 divided by no. threads per Inch. 
Lead - Pitch times no. threadS equals depth o[ penetration [or one complete 
revolution. 
P - Perimeter. 
It would obviously have been better if nails could have been 
secured with only one variable factor: for example, screw type 
nails identical except for pitch, lead, diameter or smoothness of 
surface. Because of the impossibility of securing these commer-
Cially and the difficulties in attempting to fabricate them, the 
range of selection was limited. Ihe surface condition varied 
somewhat because of different methods employed in the galva-
nizing process. One nail, No. 23, was processed after galvanizing. 
Processing produced a much smoother coating than on the other 
nails. Also there was considerable variation in the same nail. 
This variation appeared not only among nails of a given lot but 
more particularify on reorders. Further complication in conduct~ 
ing this study has resulted from difficulties in securing nails dur-
ing and following the war. It is obvious that the variations 
mentioned affected the withdrawal resistance. 
TEST APPAHATUS AND TESTING PROCEDURE 
The tests consisted primarily of noting the maximum force 
required for extraction. . 
Spacers or jigs the size and shape of a sheet metal corrugation 
were used for setting the nails. These spacers were made of 
543 
Fig. 7 Nail-pulling device used In first series of tests. 
such thickness that if the nails were driven through one or two 
thicknesses of metal, a distance of % inch was maintained between 
the wood members and the head of the nail. Although there 
appears to be some variation in the length of the nails, they were 
fairly uniform when the lead heads were well seated. 
The preliminary tests were made with a Buffalo scale (fig. 7) 
equipped with special devices to adapt it to our purpose. In 
most cases, loads were applied in lO-pound increments. Dis-
placements at the load applied were observed and recorded. In 
a few tests, however, nails wer~ pulled to uniform increments of 
displacement and the corresponding loads were recorded. The 
lead caps placed on some of the nails became very loose, and 
some of them could be shaken off the nail heads after the nails 
were driven and the spacer removed. This difficulty was not 
experienced with nails 11 and 23. 
The machine was operated at an upward speed of 0.33 inch 
per minute. -
Later tests were made on a machine designed especially for 
the purpose. 
Accuracy, speed and ease of operation, mobility and ease of 
storage were considered in the design. 
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Fig. B. Nail-pulling device. 
The machine is shown in :figs. 8 and 9. A hydraulic pressure 
cell and a master Bourdon gauge measure the load on the nail. 
The cell, nail hanger and hook, and gauge comprise a unit which 
is moved up and down by a screw. A special nail hook 
equipped with a thrust ball bearing to permit frictionless rota-
tion was used in some tests of screw shank nails. A small re-
versible electric motor operates the screw nut. The rate of 
elevation is 1 inch in 2 minutes, 10 seconds. In comparable 
tests, it is advisable to apply the load at the same rate in each 
test to reduce the possibility of error. 
The rate used was selected because it is slow enough to per-
mit load observations as the nail is withdrawn. A bell rings for 
each half revolution of the elevating nut indicating 0.05-inch 
increments of upward motion of the screw. The machine is 
hinged at the back and raised at the front by a lever which pro-
vides an easy and fast method of placing and adjusting the 
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Fig. 9c. Pressure cell and nail hook hanger. The diaphragm Is composed of four 
thicknesses of artificial rubber-Impregnated fabric. The steel ball was set Into t.he 
bolt head as ,hown to provide point contact with the hanger. Consequently. small 
amounts of misalignment of nail with machine do not produce an error. 
samples. Since the feet of the machine rest upon the member 
from which the nail is to be pulled, no special fastenings or jigs 
are required. When a test is completed the direction of rota-
tion of the motor is reversed and the unit is lowered for another 
test. The over-all dimension in any direction is not over 2 feet. 
The machine weighs 89 pounds. 
The pressure cell, fig. 9c, was designed to handle a 700-pound 
load using a gauge with 60 p.s.i. capacity. The formula for this 
relationship is: L=~D2 P. 
""""4 
L is the load in pounds, D the effective diameter of the pres-
sure cell, and P the gauge pressure. The effective diameter of 
the pressure cell may be considered as the average of the internal 
diameter and the diameter of the piston if the space between 
the cell wall and the piston is small as compared to the piston 
diameter .. The diameter is actually slightly larger than indicated 
above, hut the error is negligible. For any maximum load L, 700 
pounds in this design, the diameter of the cell can be large with 
a small capacity gauge or small with a large capacity gauge. A 
large cell and small capacity gauge are preferred because the 
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Fig. 9d. Calibration and loading unit deflection curves. 
fluid pressure for any load is less, and it is easier to provide a 
diapmagm, jOints and seals which do not leak. 
'lhe pressure gauge is guaranteed accurate within one-half of 
I percent of the reading and is guaranteed to retain this high 
degree of accuracy indefinitely. The load-indicating unit filled 
with kerosene was calibrated in a standard Olsen strength testing 
machine of IO-ton capacity. The calibration curve is shown in 
fig. 9d. Note that the error is very small and that the loading 
and unloading curves coincide. Although it is recommended 
that the cell be well filled, no significant difference was noted 
for variation inliston height. The steel ball was set into the 
piston bolt hea to provide point contact with the nail hook 
hanger. Consequently, small amounts of misalignment of nail 
with machine do not produce an error. A scale reading directly 
in pounds was fastened to the gauge. 
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Although the upward motion of the screw is indicated in 0.05-
inch increments by the bell, this does not indicate the upward 
motion of the nail with respect to the wood member because of 
deformation in the paits ot the machine. Most of this is due to 
str~tch of the diapliragm, compression of the entrapped air and 
deformation in the gauge. This deflection was determined and 
is shown in fig. 9d. It the observations at the 0.05-inch incre-
ments are corrected on the basis of this curve, a fairly reliable 
~tress-strain curve can be plotted. The only error not accounted 
for is that due to bending of the wood member between the feet 
of the machine. 
A fast-operating manual device fitted to the elevating screw 
would speed up adjustments between tests. The pressure cell 
should be attached to a small adjustable supply tank to main-
tain the piston at the proper level. Seepage of the fluid and 
permeation through the diaphragm necessitate periodic refilling 
of the cell. A supply tank would eliminate this. The gauge 
should be fitted with a secondary maximum pressure-indicating 
hand. This would facilitate readings but would not improve 
the accuracy. A continuous recorder should be provided to 
facilitate observation of stress-withdrawal characteristics of nails. 
A sylphon bellows and recording drum could be used to provide 
this feature. 
TESTS - SERIES 1 
A number of preliminary studies were made to serve as a 
guide for more exhaustive tests. A discussion of these follows. 
DUTY OF SHEET METAL ROOFING NAILS 
It is common knowledge that farm buildings sway and vibrate 
when the wind blows, and there is a possibility that the vibration 
of sheet metal roofs may work the nails loose and out of the 
nailing girt. Contraction and expansion of the sheet metal due 
to changes in temperature may produce somewhat the same 
effect. 
From experiments by Dryden and Hill (7) and Fenton and 
Otis (9) it is evident that wind flowing over a roof may cause 
a decreased atmospheric pressure and result in a definite lifting 
effect. It seems reasonable that this might reach 50 pounds per 
square foot because of reduced pressure above the roof. This 
lifting figure might be still larger if in an open shed or a building 
with an opening on the windward side and if increased pressure 
were built up inside the building. . 
Thus it could be possible for a sheet steel roof to lift the nails 
slightly out of the baseboards when subjected to such a force. 
A repetition of such a condition might cause the nails to rise 
completely out of the roof. 
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TABLE 2. FORCE (LBS.) REQUIRED TO PULL NAIL HEADS THROUGH SHEET 
. STEEL. 
Nail number ___________________ _ 
Metal deformed ________________ _ 
Metal ruptured ________________ _ 
16 
200 
210 
22 
220 
495 
23 
185 
340 
If the wind action were the only force tending to lift the 
metal sheets, any of the nails tested would be satistactory if the 
withdrawal force were applied immediately after driving. 
Roofing nails were driven through a piece of 28-gauge sheet 
steel and a withdrawal force applied perpendicular to the sheet. 
The nails selected for testing represented the three general 
types of heads. The galvanized roofing was fastened securely so 
bending would not affect the results. The results are shown in 
table 2. 
It will be noted that the smallest load causing deformation was 
185 pounds an.d the smallest causing rupture was 210 pounds. On 
roofs where nails have come out, one cannot detect by observa-
tion any bending of the steel. The force of the wind appears to be 
a relatively small factor. Some have believed that extraction has 
resulted from a vibratory action rather than a steady pull. To 
study this phase of the problem a vibratory apparatus was used. 
The vibrator consisted of a belt-driven bench grinder with un-
balanced weights displacing the grinder wheels. It was bolted 
to a sheet of 28-gauge corrugated steel which was fastened down 
by one roofing nail driven through the center of the sheet, thus 
transmitting the vibrations to the nail. 
The results of the vibration tests indicated that the sheet steel 
will not withstand the force necessary to withdraw the nail 
when tested soon after driving. The wind may be a factor in 
the loosening of roofing nails only if the withdrawal resistance 
of the nail has been greatly reduced due to the drying out of tht> 
wood. 
WITHDRAWAL RESISTANCE AS AFFECTED BY CLINCHING 
Although 2-inch sheathing boards or nailing girts have been 
considered more satisfactory, it is evident that there can be no 
creeping when the nails are clinched on the underside of I-inch 
sheathing boards. 
Four nails of No. 15 were clinched across the grain, four were 
clinched parallel to the grain and four were not clinched. The 
results shown in table 3 indicate a 75 percent increase in "the 
holding power when a nail is clinched across the grain, and a 
64 percent increase when the nail is clinched parallel to the 
grain. 
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TABLE 3. WITHDRAWAL RESISTANCE (LES.) OF CLINCHED NAILS. 
Noe clinched ___________________ 256 
Clinched across grain ___________ 370 
Clinched parallel to grain _______ 360 
Maximum \ Minimum 
174 
320 
290 
Average 
198 
347 
325 
DATA: Wood. I-Inch Douglas fir; molsCUre. 9 percent; density. 31.22 pounds per 
cu. ft.; specific gravity. 0.497; no. rings per Incn. 18. 
VARIATION IN RESULTS AS AFFECTED 
BY SPECIES OF WOOD 
Preliminary tests using Douglas fir as. a nailing base gave 
widely varying results. It was desired to reduce such compli-
cations as differences in the wood, so that the results would more 
nearly represent differences in the nails. Tests revealed that 
the average variation from the average of loads. using sugar 
pine was only 13.2 percent as compared with 24.9 percent when 
Douglas fir was used. Notwithstanding this fact, Douglas fir 
was used in aU later tests because of the probability that it would 
generally be used as nailing girts by those who use sheet steel 
roofing. 
PRELIMINARY WITHDRAWAL TESTS 
These tests were made to observe the general effectiveness of 
the various types of roofing nails and the effect upon holding of 
driving through sheet steel. 
Care was used in selecting the wood to be used in these tests 
to secure pieces free of knots, flat-grained, of uniform density and 
moisture content. Since this study was directed primarily to 
determine the relative effectiveness of various types of roofing 
nails, no particular care was taken to select wood of any certain 
denSity or other characteristics. Douglas fir containing 7 per-
cent moisture was used. 
It was obvious that it would be advisable to place the nails 
as close as practicable thereby reducing the probability of vari-
ation in wood for a given number of nail tests. It was found 
that the nails in each row could be placed 2 inches apart with-
out danger of splitting if they were staggered )~ inch. The place-
ment of nails for a representative test is shown in fig. 10. One 
complete series,. (a) driven directly into woo d, (b) driven 
Fig. 10. Placement of test nails. 
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through one sheet of 28-gauge steel and (c) driven through 
two sheets of 28-gauge steel, is illustrated. Ten tests were maae 
of each of the 11 nails for each of the three conditions, a total 
of 330 tes,ts. The results are shown in table 4 and fig. 11. All 
processed nails proved superior to the plain shank nails. 
TESTS - SERIES 2 AND 3 
The following series of tests were set up to study the effect 
of time, moisture content and the density of the wood as related 
to the effectiveness of the plain, barb, screw, ring and combina-
tion shank roofing nails. , 
Ten Douglas fir 2 x 4's, 5 feet long, of about 12 percent mois-
ture content, and 10 of about 17 percent moisture content were 
secured. This is about the moisture content range to be expected 
under normal conditions using seasoned lumber. Flat-sawn 
members were selected so that the nails would penetrate both 
spring and summer wood at approximately right angles. Seven 
each of the eight kinds of nails were driven into each member 
according to the predetermined randomization. Each nail was 
identified by a number indicating the nail type and the time it 
was tested. Each nail was driven through one sheet of 26-gauge 
sheet metal to a depth of Hs inches thus simulating actual service 
conditions. The nails were driven in rows 2~ inches apart, and 
the nails in each row were 1 inch apart. The rows were perpen-
Fll1.12. ?Jail specImens prepared for testlnll . 
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TABLE 4. MAXIMUM LOADS (LBS.) REQUIRED TO WITHDRAW ROOFING 
NAILS. 
(Series 1) 
A verage of 10 Tests 
Driven directly Driven throUgh sheet metal Av. of 
Nall No. Into wood One sheet Two sheets 3 groups 
11 105 110 118 111 
12 140 130 126 132 
13 127 127 144 133 
14 144 144 130 140 
15 149 136 139 141 
21 157 162 189 169 
22 208 196 199 201 
23 319 327 332 326 
31 294 213 246 251 
32· 390 288 276 318 
41 362 364 368 365 
dicular to the main axis of each member. The nails were placed 
as close together as believed advisable to minimize the variation 
due to the lumber. Although there was a small amount of split-
ting, it was no more pronounced than would be expected under 
normal conditions. The driven nails are shown in fig. 12. The 
members were stored in an open shed well exposed to the atmos-
phere but protected from rain and snow. 
Tests were made immediately after driving, the day following, 
after 1 week and after 3 months. Later tests were made at 
times when the moisture content of the wood was expected to 
be either a maximum or a minimum for the year, this being 
determined by the monthly normal relative humidities of the 
atmosphere. The lowest normal monthly relative humidity is 
in May. The lowest moisture content for the year would be 
expected in this month. The highest is expected in December 
or January. Maximum withdrawal forces were determined by 
the special piece of testing equipment described previously. 
WITHDRAWAL RESISTANCE OF NAILS 
The results of the withdrawal resistance tests are reported in 
table 5 and figs. 13 and 14. Each bar represents the average 
of 10 individual tests. Each test is from a different wood mem-
ber. In the tests on the first three dates the nail hook was re-
strained from turning, but the nails were supported by a ball 
thrust bearing which permitted rotation. This change in tech-
nique may have caused a slight discrepancy in the results relative 
to nails 22 and 23 but none relative to 21 and 41 since the latter 
two turned under both conditions. However, since all the nails 
turned some in the nail hook there is no indication of any serious 
biaS' from this source. This factor is discussed in detail later. 
Note from these figures (13 and 14) that time does not bring 
any progressive change in performance. This observation was 
substantiated by a statistical analysis of variance. 
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TABLE 5. 'rIME TEST OF WITHDRAWAL RESISTANCE. 
Series 2 and 3 
I I Average (of 10) withdrawal force-nail numhp.r I 1~~ Oat.. ~~~~~. -1-1-116T21122T~131T32T41 Not.. 
Series 2 
1 3-30-44 12.7 297 ,300 258 336 256 324 
2 3-31-44 12.7 294 274 267 353 276 343 
3 4- 7-44 12.6 255 248 262 301 226 308 
4 8-10-44 14.3 258 240 334 342 307 281 
5 12- 7-44 13.9 278 275 305 348 329 306 
6 5-28-45 14.0 253 244 275 328 329 304 
Senes 3 
1 3-30-44 17.7 231 223 198 231 ISO 281 
2 3-31-44 17.7 207 224 196 228 193 252 
3 4- 7-44 15.9 197 195 184 207 169 254 
4 8-10-44 12.8 124 139 166 286 255 219 
5 12- 7-44 15.0 153 186 219 291 273 250 
6 5-28-45 13.7 152 191 216 241 293 251 
Series 2 - Wood at approximately 12.7 percent moisture content. 
Series 3 - Wood at approximately 17.7 percent moisture content. 
X - Screw shank nails were permitted to turn when withdrawn. 
Y - Hook used In pulling nails was held from turning. 
Nalls were permitted to turn In the hook. 
438 313 X 
454 323 X 
427 290 X 
337 323 Y 
407 337 Y 
387 341 y 
350 254 X 
347 221 X 
346 212 X 
320 219 Y 
357 266 Y 
353 260 Y 
The statistical treatment showed that for significance at the 
5 percent level the difference between any two of these averages 
must be at least 32 for set No. A and 36 for set No. B. On the 
basis of these values the nails fall in distinct groups which are 
detailed in table 6. . 
The validity of this analysis is shown by the fact that, in both 
sets of data, the range of values .of anyone group is small com-
pared with the range between groups. 
TABLE 6. RELATIVE PERFORMANCE OF THE VARIOUS NAILS. GROUPED BY 
PERFORMANCE. 
Group 
I 
II 
III 
I 
n 
III 
Nail 
No. 
Average withdrawal force Ubs.) 
Nail I . Group 
DoulI'las fir of 12 7 percent moisture content 
32 402 408 
22 329 
41 321 
31 311 322 
23 287 
21 279 
11 273 
16 262 277 
Douglas fir of 17 7 percent moisture content 
32 345 345 
31 251 
22 248 
41 239 
23' 227 241 
21 196 
16 193 
11 177 189 
• Nail No. 23 dillera only from nan No. 11 and No. 32. 
Perf~mance 
Index 
1.47 
1.16 
1.00 
1.82 
1.27 
1.00 
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In these tests nail No. 32 performed best and the remaining 
nails fell into two distinct groups. '. 
These results indicate the general performance characteristics 
of the nails studied and show that time is not a factor. 
THE EFFECT OF MOISTURE CONTENT 
OF WOOD - SERIES 4 
A series of tests was set up specially to study the performaI).ce 
of some of the nails when driven into wet wood which was then 
permitted to dry. 
Ten Douglas fir 2 x 4's with a moisture content of about 30 per-
cent were selected. Fifty of each of nails 11, 16, 22, 2S-A, 2S-E, 
31, 32 and 41 were driven through 26-gallge sheet metal into 
these 10 members to a depth of 1~ inches. They were random-
ized in such a manner that the effect of change in moisture con-
tent upon withdrawal resistance could he studied. The members 
• 
0 
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TABLE 7. TIME TEST OF WITHDRAWAL RESISTANCE. 
Series 4 
Average withdrawal force for each test 
Nail No. 
1est Date Moist. 11 16 22 23a 23e 23e 
No. 1945 cant. % NT" NT T' NT 
---- --
_.-
It 10-11 27.3 265 273 289 275 318 364 
2 10-12 24.7 271 262 286 269 326 391 
3 10-16 19.7 218 206 304 275 330 386 
4 10-29 11.3 101 188 340 364 351 485-
5 11-26 5.8 71 138 342 338 106 481 
t Tests made within half hour after driving. 
'NT Indicates that the nall was restricted from turning. 
"T Indicates that the nail was free to turn. 
31 32 41 
T 
------
331 384 338 
325 379 283 
288 361 280 
251 403 239 
220 383 186 
41 
NT 
334 
324 
308 
375 
403 
TABLE 8. SPECIFIC GRAVITY OF INDIVIDUAL WOOD MEMBERS BASED ON 
DRY WEIGHT 
Set No. 
No. 1 2 3 4 
1 0.53 0.46 0.32 0.45 
2 0.56 0.41 0.29 0.45 
3 0.50 0.37 0.27 0.42 
4 0.47 0.44 0.48 0.43 
5 0.50 0.38 0.46 0.48 
6 0.51 0.50 0.41 0.49 
7 0.47 0.37 0.47 0.42 
8 0.47 0.40 0.43 0.47 
9 0.50 0.43 0.45 0.46 
10 0.55 0.40 0.49 0.46 
Av. 0.51 0.42 0.41 0.45 
were dried under room conditions. Withdrawal tests were de-
sired at moisture contents of 30, 24, 18, 12 and 6 percent. A Tag-
Heppenstall wood moisture meter was used to check moisture 
contents and determine the time at which tests were to be made. 
Actual moisture contents were determined by weighing the 
members and oven-drying a sample from each after finishing the 
testing. . _, 
The results are shown graphically in fig. 15. Each individual 
observation is plotted. The curves were fitted by eye and are 
intended to show only the general trend. The average for each 
set of 10 tests is indicated by a solid black point. The date of 
testing, average moisture content of the wood and average with-
drawal forces are indicated in table 7. . . 
The analysis of a previous set of tests indicated that time has 
no effect upon performance. Since this set of tests employed 
the same wood members throughout, any systematic variation 
must be the result of moisture content. ' 
Nails 11, 16, 31 and 41 (permitted to turn when withdrawn) 
lost withdr~wal resistance progressively as the wood dried. Nail 
23-E (permitted to turn when withdrawn) increased resistance 
down to 12 percent and then lost abruptly. Nail 32 varied little 
during the test. All of the screw shank nails if restricted from 
turning increased in resistance as the wood dried. 
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As wood dries it shrinks and its strength increases. Shrinkage 
is detrimental to the plain and barbed shank nails because the 
pressure on the shank is decreased and the withdrawal resistance 
decreases. The same is probably true for the screw shank nails 
when permitted to turn as withdrawn, as indicated by the per-
formance of No. 41. No explanation can be given for the erratic 
performance of 2S-E. 
The strength of wood increases as it dries (fig. 17). This per-
mits the ring shank nails and screw shank nails (turning restrict-
ed) to increase in withdrawal resistance as the wood dries. The 
threads or rings are deep enough that the wood shrinkage is not 
sufficient to materially alter the amount of contact. At the same 
time the fibers which fit into the threads or rings are stiffened 
due to drying, and thus the strength is increased. Helative to 
nail 31, the ring shank nail which lost strength as the wood dried, 
it is probable that the effect of shrinkage was not offset by the 
increased fiber strength due to drying. Had the rings on this 
nail been deeper and continued to the point, performance would 
probably have been comparable to No. 32. 
Note (table 7) that after the wood had dried below 24 per-
cent nail 2S-E (NT) was superior to 32. 
EFFECT OF WOOD DENSITY UPON NAIL PERFORMANCE 
The tests were not set up in such a manner that the relation 
of specific gravity of the wood to withdrawal resistance could 
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be studied accurately. However, plots of some of the individual 
series of tests showed that withdrawal resistance of the nails 
increased with an increase in wood density. Other than this 
general observation, more definite results were not obtained. 
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The comparison among the several se!ies is shown in fig. 16. 
Typical load deflection characteristics of the various types of 
nails are shown in fig. 18. 
ANALYSIS OF HESULTS 
As an aid toward the analysis of the performance of the vari~ 
ous nail types, photomicrographs have been taken under vary~ 
ing conditions. 
PLAIN SHANK NAILS 
Figure 19 shows plain shank nail No. 11. At the left, the 
block into which the nail was driven has been split apart show~ 
ing the nail in place. The portion which was split away appears 
in the center photo. It wIll be observed that the wood fibers, 
particularly in the end grain, have been bent downward. At 
the right is a block from which the nail was withdrawn before 
it was split apart. The withdrawing of the nail did not materially 
affect the direction of the fibers as bent downward in driving. 
In fig. 19 there appears an enlargement and longitudinal section 
of nail No. 11 driven into wood. This section was cut trans~ 
verse to the direction of wood fibers. Some' defonnation 
is apparent, but in general the fibers were separated in 
driving. A similar situation with nail No. 16 appears in 
fig. 20. Nail No. 11 depends entirely upon friction for its resist~ 
ance to withdrawal. Cbanges in the wood which would result 
in a relaxing of the pressure against the nail would result also 
in reduced resistance to withdrawal. This nail had a withdrawal 
resistance of 265 pounds when driven into Douglas fir of 27.3 
percent moisture content but only 71 pounds after the wood had 
dried to 5.8 percent moisture content. This represents a loss 
of nearly 72 percent. _ Nail No. 16 showed no Significant superior-
ity to No. 11 when first driven but lost only 49 percent of its 
withdrawal resistance after the wood had dried, making it nearly 
twice as good as No. 11 under the latter condition. 
SCREW SHANK NAILS 
From the previous discussion it would appear that when 
extracted immediately after driving, most screw shank nails 
compare directly with plain shank nails in the ratio of their 
perimeters. The Forest Products Laboratory has shown this 
to be true with plain shank nails of varying diameters. The 
advantage then in deforming nails lies mainly in the increase in 
perimeter. The results, however, if the nails are driven into 
wet wood which is subsequently dried, are altogether different. 
The following analysis will endeavor to show why the above 
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Fli. 19. Upper picture: Deformation of wood fibers by nail No. 11. Lower 
picture: nail No. 11. Left-enlar.:ement of nail. Right-longitudinal section of 
nail driven Into wood. 
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relationships maintain, and also how the variables in screw shank 
nail design affect the results obtained. 
If a screw shank nail is restricted from turning as it is ex-
tracted, a portion of the surrounding wood which lies within 
the threaded section must be either sheared off or compressed 
to admit passage of the outer portion of the nail. This 
tends to increase the resistance of the nail. On the other hand, 
that portion of the surface of the screw shank nail which is 
above the root of the thread exerts little or no resistance to 
extraction, whereas all of the surface of a plain shank , nail is 
functioning. 
It would appear then that the gain from shearing of the wood 
is approximately offset by the loss in effective surface in the 
screw shank nail. However the loss in withdrawal resistance 
of the plain shank nail after the wood has dried is not duplicated 
in the screw shank nail. That portion of the thread which lies 
above the root cannot lose resistance because it had no holding 
power to begin with. On the other hand, the increase in shear-
ing strength of the wood as it dries tends to increase resistance 
of the screw shank nail and more than offsets the loss in' surface 
contact. The resistance of the screw shank nail is somewhat 
Fig, 20, Nail No. 16, 
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improved by subsequent drying of the wood, whereas resistance 
of the plain shank nail is largely lost. It would appear, then, 
that the real advantage in the screw shank nail lies in its com-
parative performance at a later period. 
Before proceeding with a discussion of the tests made on the 
several screw shank nails, it seems desirable to name the factors 
involved in the withdrawal resistance of screw shank nails and 
the comparative properties of those tested. Unfortunately it 
was not possible to secure an assortment which would permit 
the isolation of each factor. Thev are: 
1. Diameter; outside and root. 
2. Cross section; area and perimeter. 
3. Lead, pitch and number of threads. 
4. Depth driven, including length and location of threaded 
section. 
5. Surface character. 
6. Point; shape and size. 
7. Head; shape, size, etc., as they mayor may not restrict 
turning as the nail is extracted. 
Nail No. 21 has five threads and a pitch of 0.30" making the 
lead 1.50." It has a perimeter (0.494") second only to No. 41 
of the screw shank nails. The advantage of a large perimeter 
is offset by the large lead. The larger the lead, the greater 
the tendency toward rotation as the nail is extracted. Any 
ordinary head will probably not restrict such a nail from turning 
when forcibly extracted. 
Nail No. 22 has a smaller perimeter (0.456") than No. 21 but 
also a smaller lead (1.20). The tendency to turn as withdrawn 
is less and offsets the loss in perimeter over No. 21. In many of 
the nails of this type, the threaded section did not extend to the 
point. This naturally reduced the value of the nail, as will be 
discussed more fully in the discussion of tests on nail No. 23. 
Nail No. 23 presented problems in analysis due to v~riations 
not only among nails in the same shipment but also from one 
batch to another. Further analvsis and results of tests on the 
various samples appear later. In' general No. 23 is a four-thread 
nail (a few five-thread) with a pitch varying from 0.96" to 1.33". 
It differs from the other screw.shank nails in that the threads 
have been apparently rolled after l2;al\'anizing, resulting in a 
smoother surface. The length and location of the threaded 
spction varies considerably from one batch to another as herein-
after discussed. 
Nail No. 41 differs from the other screw shank nails primarily 
in the roughening of the root of the thread and the consequent 
formation of what might be termed a combination of screw and 
ring shank. 
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Fill. 21. Nail No. 21. 
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TABLE 10. AVERAGE OF 10 WITHDRAWAL TESTS OF SCREW SHANK NAILS 
PERMITTED TO TURN AND RESTRICTED FROM TURNING. 
Withdrawal force, lb •. 
L.engthof Nail No. 
Date service 
.21 22 23C 
tested (days) ----- ----------
T' NT" T NT T NT 
8-28-44 0 272 288 242 253 176 254-
8-29-44 1 277 312 225 2(;3 193 297 
9- 5-44 8 258 350 232 295 185 343 
12-28-44 122 257 303 202 272 206 318 
5-29-45 274 218 301 l.83 267 199 367 
AVerage-- 25il ~ 2i'7 rm-~ 316-
----------Turniug 
Index 0.825 0.805 0.608 
TO Indicates nail was permitted to turn. 
NT" Iudlcates nail was not permitted to turn. 
41 
----
T Nl 
----237 301 
265 30U 
222 3011 
210 29', 
184 276 
224 297-
----
0.751 
Moist. 
cant. 
wood % 
--u.s 
11.8 
12.1 
14.6 
14.2 
The screw shank nail is designed on the assumption that it 
forms a thread when driven and that the tibers torming these 
threads restrict the outward motion of the nail. 1 he venty at· 
this is illustrated in figs. 21, 22, 23 and 24. 'lhe two blocks split 
apart, on the left in each illustration, show the threads tormed. 
1he blocks at the right, which were sp1it atter the nails had been 
extracted, . show that the threads were destroyed a.s the nails 
were removed. The screw shank must turn treely in driving 
and fail to turn during extraction if the threads are to be most 
effective. 
One of the preliminary studies showed. that screw shank nails 
with lead washers did not rotate when withdrawn by a roof 
corrugation. Since all nail heads could be fitted with lead 
washers, it seemed logical to test the effectiveness of the screw 
design for each nail by comparing the withdrawal force when 
turning is restricted with that when turning is not restricted. 
The follOWing set of tests was prepared in the same manner as 
those previously discussed except that two of each type of nail 
were placed at each location. One nail was permitted to turn 
when withdrawn and the other completely restrained. The re-
sults are reported in table 10 and fig. 29. T shows that the nails 
were permitted to turn when withdrawn. NT, that they were 
restricted from turning. A hook with frictionless bearing was 
used for the tests, permitting the nails to turn when withdrawn. 
The performance of the nails did not vary significantly with 
time. This is the same conclusion reached from the first two 
sets of tests.' The significance of this variation among nails is 
shown in table 11. Statistically, the difference between averages 
must be 25 or more for significance. The grouping is based 
upon this value. 
Note that nail No. 23 is indicated the best if restricted from 
turning and the poorest if permitted to turn. This shows that 
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TAl3LE 11 RELATIVE PERFORMANCE OF THE VARIOUS SCREW SHANK NAILS 
9roup I 
Per- Per-
Av. withdrawal form- Av. withdrawal form-
force (lbs.) NT ance force (lbi.) T anee 
-----r.iall 
~ 
Index Nail --.-- -- Index Nail GrouP Group Nail Group 
~ -- .--c------23 316 I 21 256 256 1.21 21 311 ---n--- 41' 224 '11 297 308 1.14 22 217 
II I 22 I 270 2W-f-------uJo 23 192 211 1.00 
• Nail No. 41 Is significantly higher than nail No. 23. 
its design is superior to the others in effectiveness of the screw. 
Roofing nails must retain the roof under the various wind and 
snow loads, and must not creep. Wind force is applied exter-
nally and the nails would be extracted without turning. In 
creeping the force is applied internally, probably by some syste-
matIc contraction and expansion of the wood fibers. It is evident 
that the screw shank nail would turn when extracted or lifted 
in this manner. Therefore, any individual nail must be studied 
from both standpoints. A nail which has a high withdrawal re-
sistance when extracted without turning and a low resistance 
when permitted to turn, e.g. No. 23, may not necessarily be a 
superior l!ail from an over-all standpoint. 
In order to determine the effectiveness of the screw character 
of screw shank nails l a pulling device was constructed which 
simulated a corrugation of corrugated roofing. This device was 
nailed to a 2 by 6 (Douglas fir, moisture content about 12.5 per-
cent) in the same manner as a roof corrugation. A reference 
line was scratched on the head of the nail to observe rotation 
during withdrawal. Readings were made for each 0.1 inch of 
withdrawal. 
Of the four screw shank nails tested, Nos. 21, 22, 23 and 41 
(tested in duplicate), only Nos. 21 and 41 rotated during with-
drawal. In the process of driving, the lead caps on nails 21 and 
41 mushroomed, which loosened them. This loose condition, 
together with the fact that there is little lead under the nail head, 
permitted considerable slippage. Numbers 22 and 23 did not 
rotate, because the heads conformed to the corrugations, and in 
the case of No. 23 the lead seal was tight on the nail after driving. 
The conclusions of this brief study are: 
1. Nails with lead washe~s are to be preferred to those with 
lead caps, because they do not loosen during driving but do 
provide effective use of the lead as a seal. 
2. Rotation of screw shank nails during withdrawal can 
probably be prevented by the use of a head or seal which main-
tains extended contact with the corrugation. 
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Fig. 22. Nall No. 22. 
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Fig. 23. Nail No. 23. 
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Fig. 24. Nail No. 41. 
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Fi ll. 25. Cross sections of screw shank root\nll nails (X approx . 11 diameters). 
Upper lef No. 21. Upper rlght--No. 22 . Lower left--No. 23 . Lower rlght--No. 41. 
Fig . 26 . Left-Nail No. 23E. Right-Wood screw. 
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Fig . 27. Woo:! screw. 
If the nail lags from the theoretical rotation ' because of the 
shape of the point or other individual characteristic, the fibers 
are bent or severed from their original position with the probable 
result of impaired withdrawal resistance. Comparisons of the 
several hammer-driven nails are shown in fig. SIC. The zero point 
of penetration is taken at the extreme end of the nail. It is quite 
obvious that with all points, rotation will begin only when the 
threads gain a sufficient grip on the wood fibers to overcome the 
friction presented by the point. In each of the figures mentioned, 
the horizontal distance between the theoretical and actual rota-
tion indicates the amount of slirpage. It is evident that up to a 
penetration of 1.5", neither nai 22 nor 41 ever shows perfect 
turning. Perfect turning occurs when the curve of actual turning 
parallels that of theoretical turning. At a driven depth of 1.5" or 
1.3" beyond the point, nail No. 21 lagged perfect turning by 66 0 , 
No. 22 by 196° and No. 41 by 156°. These are the results of 
single tests only and should be taken qualitatively, not quantita-
tively. 
Comparative performances are shown for several variations 
of nail No. 23, as illustrated in fig. SO. Nails A and B differ in 
the location of the threaded section, as do C and D. Nails B 
and D were made by grinding away the unthreaded portions of 
A and C. Nails A, C and E represent variations obtained in 
different orders under the same specification. 
The lead varies as shown in table 1, with B identical to A in 
this respect and also D identical to C. C, D and E differ from 
A and B in that the threads are rolled to a 'sharp edge in the 
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Fig. 28. Holes formed In wood by nails No. 23A and 23B. 
latter, while in the , former a small groove appears along the 
ridge of the thread. In nail E, the threaded section was increas-
ed in length from I" to 1 3/16". In nail A, an appreciable length 
of the end is unprocessed. Since this unprocessed portion is 
larger than the root diameter of the threaded section, a hole is 
formed in the wood larger than necessary. The effect of this 
is well shown in the photomicrograph (fig. 28) which illus-
trates, comparatively, nails A and B. The wire size is 0.134 
whereas the root diameter is only 0.110". Considerable resist-
ance to turning is built up by the unrrocessed section near the 
Roint. The effectiveness of the threaded section in overcoming 
this resistance is further restricted by the fact that the hole made 
by the unprocessed portion is too large. 
In fig. 31A, No. 23A was driven directly into the wood, whereas 
in fig. 31~ it was driven first through a sheet of metal fastened 
to tlie wood so that the sheet would not turn. Both nails were 
still slipping badly at a penetration of 1.5", the lag in the latter 
being approximately 4800 • The comparative performance of 
this nail with other variations of No. 23. is shown in fig. 33. 
Nail B was threaded to the point. From fig. 31A it ca~ be 
seen that after being driven approximately 0.2" beyond the 
point, there was no apparent slippage. A similar nail ground 
to a conical point showed no slippage beyond approximately 
0.075". Nails C and D are superior to A and B because of the 
difference in rolling which resulted in a larger maximum diam-
eter. Some loss in effectiveness, however, has resulted in a 
change in lead from 0.96" to 1.33". Nail E is superior to all 
other forms of nail No. 23 because it has a smaller lead (0.96") 
than C and D, a larger diameter than any of the others and is 
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Fig. 29. Results of withdrawal tests of screw shank nails driven In lumber with 
moisture content 11.8 percent. The uPPer figures are turning indices, that Is the 
ratio of average T to average NT. 
well threaded to the point. Screw shank nails do not form threads 
in the sheet metal because of the initial slippage and because 
nails cannot be driven perfectly straight. 
How far changes can be carried to improve performance is a 
matter of conjecture. In the absence of a better criterion, com-
TABLE 12. COMPARATIVE WITHDRAWAL RESISTANCE OF VARIOUS LOTS OF 
NAIL 23 AND COMPARABLE WOOD SCREWS. 
All were driven to a depth of 1'li. Inches into Douglas fir of 9 percent moisture 
content, specific gravity 0.42. Pulled at once, restrained from turning, 
." 
Nail No. 23 Wood screws 
A I B I C D E No.6 No.7 No.8 
.-
l'er. .450 I .450 1 .475 .475 .475 ;424 .461 .513 
~-
1 268 320 398 :S56 428 580 608 669 
2 265 290 332 342 426 550 626 650 
:l 274 287 363 380 453 539 621 652 
4 311 310 325 326 426 569 620 641 
5 295 291 332 375 460 590 614 675 
6 276 320 335 350 411 576 682 699 
7 286 316 362 403 412 630 655 695 
n 282 315 380 ~40 424 610 650 710 
9 262 299 374 415 433 559 661 705 
10 328 306 360 372 450 646 650 725 
Av·1 2851 305 I 356 366 432 585 639 682 
P.I. I 0.45 1 0.48 I 0.52 0.54 0.63 
A 1/16-lnch pilot hole was bored for the No.6 lind No, 7 screws and 5/64-lnch for 
the No. 8 screW. No. 6 and No. 7 screws were threaded I-Inch. No. B screw was 
threaded 11(. inches. 
P.I. Performance Index cf wood screw of comparable diameter. 
All figures show withdrawal force In pounds. 
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parison has been made with wood screws. Table 12 gives the 
numerical data and fig. 32 the graphical comparison. 
The performance index indicates the relative effectiveness of 
the various nails, as compared with the wood screw of compara-
ble diameter. 
A and B and also C and D are comparable except for the fact 
that in A and C the thread does 
not extend to the point. Thread-
ing to the point · improved the 
perforrnance in both cases. The 
pitch was greater for nails C and 
D than for A, and in general the 
unformed section at the tip was 
shorter for ethan A. Both these 
factors probably influenced the 
results. Nails Band E are com-
parable except for the over-all 
diameter, which is reflected by 
the sharpness of the screw thread. 
Fig. 30. Variations of nail No. 23. E is to be preferred to B. Nail 
450~------------~~------------~----~----~--~ 
0- DRIVEN 
WITH ONE HAM-
MER BLOW 
DEPTH 
1.0 
{INCHES} 
1.5 
Fh;. 31a. Effect of type of point and method of driving upon rotation of screw 
shank nail. No. 23. when driven. 
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D is comparable to E except for the screw pitch and length of 
threaded section. E was superior to D. 
From earlier discussion it is apparent that a nail threaded to 
the point begins to turn soon after the threads make contact, 
, and no subsequent slippage oc-
curs with a lead as small as 
0.96". It is probable that this 
could be reduced somewhat 
without detriment in driving. A 
No. 7 wood screw has a maxi-
mum diameter of 0.147, ap-
proximately that of nails 23A 
and 23B, while a No. 8 wood 
screw has a diameter of 0.163, 
approximating nails C, D and 
E. Comparing each nail with 
the wood screw of correspond-
ing diameter, the ratio for each 
nail becomes A=0.45, B=0.48, 
C=0.52, ])=0.54 an d E=0.63. 
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Fig. 32. Performance index. 
Two screw shank nails, type 
23B, were sharply serrated with 
a chisel on the side of the thread 
which contacts the wood during 
withdrawal. The points of 
both serrated and unserrated 
nails were ground so that the 
screw extended to the point 
leaving no unformed shank be-
t" 'een. Each nail was tested 
five times in Douglas fir, driven 
to a depth of 1 inch. Compar-
able tests were made of the 
same nail type without the ser-
rations. Both nails were teste,d 
when permitted to rotate and 
when restricted from rotating. 
The results are tabulated in 
table 13. 
The plain screw shank nail 
was 50 percent more effective 
if restricted from turning when 
withdrawn. The serrated nail 
was improved only 15 percent 
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TABLE 13 WITHDRAWAL RESISTANCE OF SERRATED SCREW SHANK NAILS 
Plain screw Serrated screw 
shank nail shank nail 
--
Permitted Not permitted Permitted Not permitted 
to turn to turn to turn to turn 
210 303 342 448 
186 227 430 462 
232 312 400 487 
180 310 400 412 
180 280 431 450 
210 287 374 435 
182 292 404 485 
164 290 396 472 
180 302 425 498 
205 258 435 530 
AV. 192.9 286.1 403.7 467.9 
under similar conditions. The serration improved perflJrmance 
no percent for extraction when turning, and 65 percent for 
restricted extraction. . 
The plain nail slipped during driving but after the first 0.2 
inch of withdrawal slipped only very little. The serrated nail 
slipped more than the plain nail when driven and much more 
when withdrawn, the rate varying. 
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Fig. 33. Average withdrawal force 
and range of 10 tests of nails and 
driving rondltlons shown for 1 Inch of 
shank penetration. 
If the screw shank nail slips 
when driven, the hole which is 
formed in the wood is not the 
shape of a cross section of the 
nail but is round. The diameter 
of the hole is somewhere be-
tween the maximum and mini-
mum diameters of the nail, 
probably close to the maximum 
size. The flutes of the nail act 
somewhat as a reamer. Conse-
quently, since only the outer 
part of the flutes would be in 
effective contact with the wood, 
the withdrawal resistance would 
be considerably reduced. This 
argument would hold for both 
serrated and plain surfaces. The 
results substantiate this reason-
ing. 
Those tests were made imme-
diately after driving the nails. 
Patent applied for. 'Fot further information. apply to the Iowa State College 
Research Foundation, Ames. Iowa. 
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Fig. 34. Nall No. 31. 
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Fig. 35. Nall No. 32. 
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If 10 days or so had elapsed between driving and pulling and if 
a moisture change had occurred in this period, the results would 
probably vary considerably from those reported. It has been 
reported that plain shank nails may lose half or more of their 
holding power after the nail has been driven for some time. Vari-
ation in the moisture content of the wood affects the holding 
power of deformed nails also. 
It seems apparent that serrations on the upper side of the 
thread would obviate all tendency to creep 
RING SHANK NAILS 
The variables in ring shank nails .are: 
1. 
2. 
3. 
4. 
5 .. 
6. 
Maximum diameter. 
Minimum diameter. 
Ring spacing (size). 
Ring shape. . 
Point (shape and length). 
Surface. 
The two ring shank nails tested differ considerably in size and 
other characteristics. Number 32 has a maximum diameter of 
0.150~' as compared with 0.138 for nail No. 31, a difference of 
9 percent. Nail No. 31 is processed only for a length of I" leav-
ing in most cases an unprocessed portion just above the point 
and also a similar unprocessed portion near the outer surface of 
the wood. In general, the rings were not as carefully processed 
in nail 31; this is apparent by comparing the photomicrographs. 
figs. 34 and 35. Diffi-
culty in securing com-
parable results in later 
tests also was caused 
by inferior nails re-
ceived on a reorder. 
In fig. 36, the upper 
nail of each pair rep-
resents that received 
originally and the low-
er one is tvpical of the 
reorder. It is appar-
ent that results from 
any test cannot be ap-
,plied directly to a 
commercial product if 
such variations are to 
be expected. Fig. 36. Variations In ring shank nails. 
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The ring shank nail which has proved superior in previous 
tests loses roughly a fO~Jfth of its holding ability when driven 
through sheet metal. Since the nail has to punch the hole in 
the sheet metal, the sharp edges of the rings are damaged and, 
consequently, the holding ability is decreased. 
In figs. 37 and 38 the nails are enlarged to about 13 diameters. 
They show the deformation of nails No. 31 and 32 caused by 
Fig. 37. Photomlerographs of nail No. 31. Top pletures: nail In orlglnai eondl-
tlon. Left--zlne eoating Intaet. Rlght--zlnc coating removed. . 
Bottom pictures: condition after driving through sheet metal. Left--zlnc coating 
Intact. Right-zinc coating removed. 
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Fig. 38. Photomicrographs of nail No. 32. Top pictures: nail In original con-
dition. Left--zlnc coating Intact. RIl:ht-zlnc coating removed. 
Bottom pictures: condition after driving through sheet metal. Rlght--zlnc coat-
Ing Intact. Left--zlnc coating removed. 
driving through sheet steel. Nail No. 31 has' a round point 
which makes a round hole in the steel. This results in a fairly 
uniform deformation of the rings throughout their entire circum-
ference. The reduction in diameter of the nail is about 0.005". 
While this may not appear to be serious, it removes the sharp 
upper edge of the ring and narrows the space between the rings. 
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The average reduction in load carried as caused by this defor-
mation was 21.5 percent. 
Nail No. 32 has a diamond or so-called common paint. 1he 
nail is seriously Hattened in four strips l:JO~ apart and undam-
aged in between. Driving this nail through sheet metal reduced 
its holding power 27.7 percent. ' 
It was t1lought that it the tip of the nail could be so designed 
that a hole in the sheet metal would be punched the same 
diameter or slightly larger than the diameter at the shank, the 
shank would be relatively undisturbed during the dnvll1g pro-
cess and the performance would be improved. 
A few nails were fitted with specIal points3 which would 
punch a complete hole before the shank at the nail entered the 
hole. 
The zinc was removed from a quantity of conventional dia-
mond-pointed roofing nails by muriatic acid. 'lhe tips of a 
number were carefully built up with brass by brazing and then 
machined as shown in fig. 39. Conical points were machined on 
a number of regular nails for comparison with the diamond tips; 
this was necessary since the special tip had a conical point as 
well as a shoulder. 
A clear piece of Douglas fir was used for the test. 1 he nails, 
10 for each test, were driven perpendicular to the annual rings 
in the wood and to such depth that 1 inch of effective rings on 
the nails were in contact with the wood. 
All the nails were withdrawn by the special nail testing 
machine. 
Introductory tests with five conditions were made to serve 
as a basis for additional tests. These are outlined and the 
results are given in table 14. The main objective of these tests 
was to determine the type of speCial tip to use in the more 
exhaustive tests. 
The sharp point bent over in driving through the sheet metal 
in all the tests. In later tests, the points were blunted slightly 
as shown in fig. 39. The shanks of the nails with special tips 
were not reduced in diameter when driven through sheet metal. 
The nails with tips larger than the shank (Nos. 4, 6) did not hold 
as well as those with tips having the same diameter (Nos. 8,10). 
Although only two tests were made for each condition, the 
nail with the tip the same diameter as the shank approached 
the performance of the regular nail when driven only through 
wood. Therefore, it was used for 'the more exhaustive tests 
which are discussed on the following pages. 
s 
Patent applied for. For further Information. apply to the Iowa" State 
College Research Foundation, Ames, Iowa, 
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Fig. 39. Average withdrawal force and sample range of 10 tests of nails and 
driven conditions indicated. The nails were driven. through sheet metal as indi-
cated. 1 inch Into Douglas lIr. . 
Ten tests were then made of the regular nail and 10 of the 
nail with the conical point (tests Nos. 11,30). The results are 
noted in table 15 and fig. 39. A statistical study indicated no 
Significant difference between the performance of the diamond 
and cone-pointed nails. Therefore the nails with the special 
tip may be compared with the regular nails, any variation being 
attributed to the special shoulder. 
The results of the tests of the special tipped nails are reported 
in table 16 and summarized in fig. 39. The follOWing important 
No. 
I 
2 
3 
5 
7 
!l 
4 
'6 
8 
10 
·587 
TABLE 14. INTRODUCTORY WITHDRAWAL TESTS OF SPECIAL ROOFING 
NAILS DRIVEN 1 INCH INTO WOOD. 
Diameter before and after driving Maximum (Inches) load 
TYlle Driven Shank (A) Till (B) (lbs.) 
of Ilolnt condition Bef. Aft. DilI. Bef. Aft. Dlff. Tests Av. 
-------
Cone .143 .149 0 690 
Do. .147 .147 0 650 670 
Sharp Steel· 
Cone & Wood .149 .146 .003 640 
Do. Do. .148 .143 .005 560 600 
Cone Do. .148 .141 .007 488 
Do. Do. .149 .144 005 588 538 
Sharp 
61l. Do. 147 .147 0 .152 .152 0 492 
Do. 1)0. .14<1 .148 0 .152 .152 0 570 531 
SP. Do. 149 .148 .001 .149 .149 a 870 
Do. Do. .149 .149 0 .150 .150 0 650 660 
• 24-ga'~ge galvanized sheet steel. 
observations may be made. The regular nails were reduced 
0.005 inch in diameter by being driven through the sheet steel; 
the special tipped nails showed practically no reduction. The 
special tipped nail was 21 percent superior to the regular nail 
with the conical point, the differences being highly significant 
statistically. The nails with shoulders the same or slightly small-
er in diameter than the shank were reduced in shank diameter 
during driving, but the holding ability was not affected. 
TheoreticaIIy it is probably possible to adjust the shoulder on 
the special tip so that the nail would perform comparably in 
sheet metal to the conventional nail in wpod only. However, it 
is impossible to drive all nails concentrically with the punched 
hole. Usually a portion of the rings would be damaged by con-
tact with a side of the punched hole, and the potential holding 
ability would be reduced. 
These data and results indicate that the special tip will im-
prove the performance of the ring shank nail about 20 percent 
The effect of time, moisture change in the wood, etc., upon the 
performance is yet to be determined. These tests were made 
with uncoated nails. Zinc coated nails might perform different-
ly, especially since the shoulder itself would be covered with 
zinc and might be reduced in diameter during driving. 
SUMMARY 
A comparison of the nails within the groups, such as screw 
shank ana ring shank, discloses differences which may account 
for differences in performance. Nails 21 and 23 each have a 
maximum diameter of 0.16", while No. 22 is 0.15". This would 
tend to lower the withdrawal resistance of No. 22 as compared 
with Nos. 21 and 23. The greater the lead the more easily one 
would expect a nail to be extracted. From this standpoint, with 
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TABLE 15. WITHDRAWAL FORCES FOR DIAMOND AND CONICAL POINTED 
NAILS DRIVEN 1 INCH INTO WOOD. 
Diamond 
(lb • .> 
720 
638 
680 
634 
700 
758 
620 
656 
600 
710 
Av. 671.6 
Conical 
(lb • .> 
600 
684 
740 
705 
540 
550 
668 
664 
569 
705 
Av. 642.5 
leads of 0.96", 1.20" and 1.50", the order of withdrawal resist·. 
ance might be No. 23, 22, 21. Number 23 has an additional ad-
vantage of a small root diameter, increasing the depth of thread 
and consequently the shear area of wood when withdrawn. On 
the other nand, nail No. 23 is threaded for 1 inch only, while the 
depth of penetration is 1.35 inches. Neither nail 22 nor 23 is 
threaded to the point. The depth of penetration given inclqdes 
the point, which has little effect in increasing withdrawal re-
sistance especially if withdrawn after the moisture content of 
the wood has been lowered. Considering the fact that nails 
21 and 22 have longer points than No. 23, they do not possess the 
·small advantage in penetration indicated in table 1. The point 
also interferes with the turning as the nail is driven . 
. TABLE 16. WITHDRAWAL FORCES AND DIMENSIONS OF REGULAR AND 
SPECIAL TIPPED NAILS DRIVEN 1 INCH INTO WOOD. 
1 
Diameter before and after driving (Inches) I M I ~~;,~:!~ Shank (Al I Tip 1m aXI~~m 
No. Before I After Ditr. Before After Ditr. (lb.) 
Regular nail with conical point driven throulXh 24 gauge sheet metal 
-
31 .149 .145 .004 600 
32 .149 .144 .005 457 
33 .149 .142 .007 454 
34 .149 .146 .003 522 
35 .148 .144 .004 570 
36 .148 .142 .006 548 
37 .149 .145 .004 445 
38 .148 .141 .007 440 
39 .148 .143 .005 530 
40 .148 .142 .006 483 
AY.I .005 504.9 
Special nail driven throulth 24-gauge sheet metal 
41 .148 .148 0 .149 .149 0 640 
42 .1411 .147 .001 .147 .147 0 560 
43 .149 .148 .001 .148 .148 0 680 
44 .148 .147 .001 .147 .147 0 628 
45 .149 .149 0 .150 .149 .001 650 
46 .148 .148 a .148 .148 a 560 
47 .149 .149 a .151 .150 .001 600 
48 .149 .149 a .150 .150 a 620 
49 .149 .148 .001 .149 .148 .001 542 
50 .149 .149 0 .151 .151 a 620 
Av. .004 .003 610.0 
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Fig. 40. Relative enlclency. 
The results of this test indicate that the lead of the screw is 
a very important factor. If the lead is too large, the withdrawal 
resistance is impaired and the nail can be withdrawn easily. If 
the lead is too small, the nail will shear its way into the wood 
rather than twist and cut a thread in the wood. The lower limit 
for the lead is not known and may in fact vary with the species, 
density and moisture content of the wood used as a nailing girt. 
As previously indicated, however, it can be considerably less than 
0.96" for Douglas fir. 
An over-all comparison of all nails tested is shown in fig. 40 
under the title of relative efficiency. Earlier tests at the U. S. 
Forest Products Laboratory show that the withdrawal resist-
ance of plain shank nails varies directly with the diameter and 
presumably with the surface area of the nail in contact with the 
wood. Using nail No. 11 as the standard or 100 percent, the 
first bar in each series above the corresponding nail number 
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gives the relative efficiency based on perimeters when nails 
are withdrawn immediately after driving. (See table 17.) The 
efficiency of a nail is taken as the ratio that its withdrawal 
resistance bears to that of nail No. 11, divided by the ratio that 
its perimeter bears to the perimeter of nail No. 11. Nails 16, 22, 
23A and 41 perform almost identically with No. 11. Nail 23E 
was 24 percent better and nails 31 and 32, 34 percent and 41 
'p~rcent better, respectively. 
The second bar shows the relative performance on the basis 
of the amount of metal in the nail. Heads were removed before 
weighing to eliminate differences caused by head weights. Nails 
23E, 31 and 41 show some improvement over the comparison 
based on the perimeter. 
The third and fourth bars, however, tell quite a different 
story. When nails are driven into unseasoned wood and with. 
drawn after the wood has dried, all deformed nails show im-
provement. The screw shank 'nails show greater improvement 
than the ring shank nail, and the screw shank nails with smaller 
lead show a greater improvement than those with a longer lead. 
The greater improvement of 23E over 23A, as previously dis-
cussea, is due to smaller root diameter of the thread and to the 
fact that the thread extends to the point with no unprocessed 
portion intervening. 
TABLE 17. EFFICIENCY OF ROOFING NAILS. 
11 
Withdrawal resistance (lbs.) 
1. At once, wood moist. cant. 27.3% 265 
2. Dry, wood moist. cont. 5.8% ____ 71 
3. Nail perimeter, Inches __________ 
.427 
4. Nail Weight, gms. (head removed)_ 32.0 
Efficiency when withdrawn at once 
5. By comprable perimeter "a" ____ 620 
6. Percent of nail No. 11-_________ 100 
7. By comparable weight "b" ______ 8.28 8. Percent of nail No. 11 __________ 100 
Efficiency after drying wood 
9. By comparable perimeter "c" ____ 167 10. Percent of nail No. 11 __________ 100 
11. By comparable weight "d" ______ 2.22 12. Percent of nail No. 11 __________ 100 
a, line 1 
line 3 
b, line 1 
line 4 
c, line 2 
line 3 
16 22 
273 289 
138 342 
.440 .456 
31.2 34.1 
620 633 
100 102 
8.75 8.48 
106 102 
314 750 
188 448 
4.43 10.02 
199 452 
d, line 2 
line 4 
Nail No. 
23A 23E 
275 364 
338 481 
.450 .475 
31.3 30.5 
612 766 
99 124 
8.73 11.9 
106 144 
751 1012 
449 607 
10.80 15.76 
486 710 
31 32 41 
I----
331 384 334 
220 383 403 
.400 .441 .513 
25.8 32.9 31.8 
828 871 652 
134 141 105 
12.8 11.7 10.5 
·155 141 127 
550 868 785 
329 520 471 
8.53 11.63 12.65 
384 524 5118 
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